In this paper we study the semileptonic decays of B * , B * s , and B * c by using the Bethe-Salpeter method with instantaneous approximation. Both the V → P l −ν l and V → V l −ν l cases are considered. The largest partial width of these channels is of the order of 10 −14 GeV. The branching ratios of these semileptonic decays are also estimated by using the partial width of the one photon decay channel to approximate the total width. For B * − → D ( * )0 e −ν e and B * 0
I. INTRODUCTION
The b-flavored pseudoscalar heavy mesons, namely B, B s , and B c have been studied extensively both in theories and experiments. The most important reason for this is that they can only decay weakly, which makes them the good places for the precision investigation of the Standard Model (SM). However, the vector mesons B * , B becomes more and more necessary.
A notable property for these particles is that their masses are not large enough to decay to the corresponding pseudoscalar partner and a light meson, such as π, K, et al.. So these particles cannot decay strongly, but can only decay weakly and electromagnetically. As a result, the partial widths of the electromagnetic decay channels, especially the one-photon decay channel, are dominant, which can be used to estimate the total widths. Theoretically, these channels have partial widths less than 1 keV [3] [4] [5] . This makes the branching ratios of their weak decay models may be within the detection ability of current experiments.
Recently, there are some interests of finding new physics in the B * d,s meson decays [6] [7] [8] , such as the B * s → µ + µ − channel, which has the branching ratio around 10 −12 in the SM [9] .
This result is too small to be detected nowadays at the LHC (although there is possibility by the end of run III of the LHC as Ref. [6] mentioned). However, the smileptonic channels could have larger branching fractions so that they can be investigated experimentally. This is the case for their pseudoscalar partners B d,s , of which the l + l − decays have branching fractions much smaller than those of the semilptonic decay channels [1].
Until now, there are only limited theoretical calculations of such decay channels carried out. In Ref. [10] , the smileptonic decays of the B * d,s with a final pseudoscalar meson were studied. In their work, the hadronic transition matrix elements are calculated in the BauerStech-Wirbel (BSW) model. However, using a different method to study such channels are necessary, as by comparing the results of different models can make us to know how large they are model dependent. In this paper, we will use the instantaneously approximated
The Feynman diagram of the semileptonic decay of the vector meson.
Bethe-Salpeter (BS) method which also has been applied extensively to deal with weak decays of B q mesons [11] [12] [13] . Besides the B * d,s mesons, we will also study the semileptonic decays B * c meson, which has been studied by even limited work. For instance, in Ref. [14] , the QCD sum rules are applied to studied its semileptonic decays, but only the B * − c → η c l −ν l channels are considered. One reason for this may be that this particle has not been found in experiments. However, LHCb have made some efforts very recently to find excited B c states [15] . We expect that the B * c state can be found in the near future. So the study of its decay properties is also of interest.
The article is organized as follows. In Section II we give the theoretical formalism of the calculation. The hadronic transition amplitude both for the V → P and V → V processes are presented. The numerical results of the partial widths, the branching fractions, the leptonic spectra, and corresponding discussions are given in Section III. Finally, we conclude in Section IV.
II. THEORETICAL FORMALISM
The Feynman diagram for the semileptonic decay is presented in Figure 1 . The amplitude of this process can be written as the product of the leptonic part and the hadronic transition matrix element
where G F is the Fermi constant; V Qq is the Cabibbo-Kobayashi-Maskawa (CKM) matrix element; P and P f are the momenta of the initial and final meson, respectively; is the polarization vector of the initial meson;
Within Mandelstam formalism, the hadronic transition matrix element can be written as the overlap integral of the instantaneous BS wave functions of the initial and final heavy mesons [16] ,
where q and q f are the relative three-momenta between quark and antiquark within the initial and final mesons, respectively; ϕ
( q f ) are the positive energy parts of the wave functions of initial and final mesons, respectively, whose explicit expressions can be found in the Appendix. The final meson can be a pseudoscalar or a vector, and we give the expressions of hadronic transition matrix elements for both cases.
For the 1
where M and M f are the masses of the initial and final mesons, respectively; s 1 ∼ s 4 are form factors which are the integrals of q.
where f is the polarization vector of the final meson; t 1 ∼ t 6 and h 1 ∼ h 4 are the form factors.
The partial decay width is achieved by finishing the phase space integral
where E l and E f are the energy of charged lepton and final meson, respectively; λ represents the polarization indexes of both initial and final mesons. From this, one can also easily calculate the differential partial widths.
III. RESULTS AND DISCUSSIONS
The B * − and B * 0 s mesons have been found experimentally [1] with masses M (B * − ) = 5.325 GeV and M (B * 0 s ) = 5.415 GeV, respectively. However, there is still not enough experimental data about both their total and partial widths. As the strong decays are forbidden by the phase space, the total decay widths of these vector b-flavored mesons can be estimated by the partial width of the single-photon decay channel [3, 4] 
The B * − c meson has not been found experimentally. Here we take the value M (B * − c ) = 6.333 GeV predicted by the quark petential model [18] . The one photon decay width is calculated recently in Ref. [5] , which can be used to approximate the total width
One notices that the one photon decay widths of B * 0 s and B * − c are about one order smaller than that of the B * − meson. These results surely are model dependent, however, the order of magnitude should be affirmatory.
The partial widths of the V → P channels are presented in Table I . All the cases when l is much smaller than those of other channels, the reason of which is that the CKM matrix element in this case is V ub = 4.13 × 10 −3 which is much smaller. With the total width estimated in Eq. (6), the branching ratios of these channels are presented in the third column. For the decay channels of B * − and B * 0 s , our results are little larger than those of Ref. [10] , where the BSW model is applied to calculate the form factors. For B * − c , the η c l −ν l channels were studied in Ref. [14] by using the QCD sum rules. There the authors got the partial widths 6.86 × 10 Table II .
Compared with the V → P case, the results are 2 ∼ 3 times larger. The branching ratios are also calculated, which shows the largest order of magnitude can reach 10 −6 . for this is that these decay channels have close phase space, which can be estimated by the mass difference of initial and final mesons:
than 1 GeV larger than the former three cases, which makes the spectra (see Figure 5 ) have different forms. And the peak value for theD 0 τ −ν τ channel gets larger than that of thē
e cases (Figure 6 ), when E e is around 0.45 GeV, the spectra reach the maximum, which is larger for the pseudoscalar channels.
The ratio of the branching fractions is an interested quantity in experiments. Recently, the experimental results of this value for B, B s , and B c sates have attracted more attentions as they deviate from the SM predictions by several standard deviations [19] (although the latest results from Belle [20] consist with the SM prediction), which may indicate possible new physics beyond the SM [21] . If this is confirmed, similar results should also exist in their vector partners. In Table III , we present the ratios of the branching fractions for the vector cases. We define the following quantities
One can see that for
, and B * − c → η c (J/ψ), the results of R(R * ) are close to each other. This is also the reflection of similar phase space. Besides that, one also notices that R is larger than R * for these channels. For B * − c →D 0 (D * 0 ), R(R * ) is 2 ∼ 3 times larger. The reason for this is that theses channels have larger phase space. Also the relation between R and R * reversed compared with former three cases. As the numerator and denominator in Eq. 8 share the same CKM matrix elements and part of uncertainties of the form factors which are canceled in the calculation, the two ratios are less model dependent and more robust, and can be compared with the future experimental results.
IV. CONCLUSIONS
As a conclusion, we have studied the semileptonic decays of the b-flavored vector heavy for these channels at LHCb and future B-factories are expected, which will be helpful to set more stringent constraint on the SM parameters and clarify the possible anomalies observed in the semileptonic decays of b-flavored pseudoscalar mesons. 
